Aim: The appropriate selection of hospitalized patients for venous thromboembolism (VTE) prophylaxis is an important unresolved issue. We sought to validate the Caprini model, a famous individual VTE risk assessment model (RAM), in hospitalized Chinese patients. Methods: We performed a retrospective case-control study among unselected hospitalized patients admitted to a comprehensive hospital in China. A total of 347 patients were confirmed to have VTE during hospitalization, and 651 controls were randomly selected to match the patients according to medical service. Both the patients and controls were retrospectively assessed for the risk of VTE using the Caprini RAM. Results: The average Caprini cumulative risk score in the patients was significantly higher than that observed in the controls (4.69±2.58 vs 3.16±1.82, p＜0.0001). Compared with that observed in the low-risk group, a classification of high-risk according to the Caprini model was associated with a 1.65-fold increased risk of VTE (95%CI 1.05-2.61), while that of highest-risk was associated with a 4.84-fold increased risk of VTE (95%CI 3.06-7.64). After further stratifying the highest risk level with a cumulative risk score of ≥ 5 into scores of 5-6, 7-8 and ≥ 9, the patients with a score of 5-6 were found to exhibit a 3.33-fold increased risk of VTE (95%CI 2.06-5.40), those with a score 7-8 exhibited a 9.41-fold increased risk of VTE (95%CI 4.90-18.08) and those with a score of ≥ 9 exhibited a 24.69-fold (95%CI 7.98-76.40) increased risk of VTE compared with their low-risk counterparts. Conclusions: Our study suggests that the Caprini RAM can be used to effectively stratify hospitalized Chinese patients into VTE risk categories based on individual risk factors. The classification of the highest risk level with a cumulative risk score of ≥ 5 provided significantly more clinical information, and further stratification of this group of patients is needed. J Atheroscler Thromb, 2014; 21:261-272.
Introduction
Venous thromboembolism (VTE), including pulmonary embolism (PE) and deep venous thrombosis (DVT), is a serious and potentially fatal complication that is common in both medical and surgical patients. In the absence of appropriate VTE prophylaxis, the reported incidence of VTE ranges from 10% to 40% in unselected hospitalized patients 1) . Not only is VTE the third most common cause of all hospitalrelated deaths 2) , it is also the most common preventable cause of hospital death 3) . Despite substantial evidence that VTE prophylaxis can reduce the incidence of VTE, prophylactic treatment remains largely underused in hospitalized patients [4] [5] [6] [7] . Accurately assessing the risk of VTE is critical for improving this situation and increasing compliance with prophylaxis guidelines.
Several VTE risk assessment models (RAMs)
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were two sources for enrolling VTE patients: the VTE Registration Center and the Information Center of the hospital. The VTE Registration Center was established in 2009 by the hospital in order to include VTE patients in studies, and we also searched information obtained from the hospital's Information Center in order to include VTE patients who may have been missed by the former source. Hospital ICD-10 codes for VTE (I26, I80, I82) were used to select cases for review. The inclusion criteria were as follows: confirmed VTE (DVT and/or PE), an age of ≥ 18 years and a ≥ two-day duration of hospitalization. The exclusion criteria were as follows: VTE on admission, thrombosis in a location other than the deep veins of the legs or arms or a coding error. The diagnosis of DVT was validated based on positive compression ultrasonography, contrast venography or autopsy findings. The diagnosis of PE was validated based on positive pulmonary angiogram, spiral computed tomography, high probability ventilation/perfusion scanning or autopsy results. The controls were randomly selected from among all hospitalized adults (age ≥ 18 years) admitted to the same departments during the same period as the patients, without an ICD-10 code for thrombosis. The controls were frequency matched to the patients at a ratio of 2:1. The exclusion criteria for the controls were as follows: a coding error (the occurrence of DVT and/or PE), a ＜two-day duration of hospitalization or data unavailability.
Risk Assessment Model (RAM)
Caprini and colleagues have used a detailed individual risk assessment model in medical and surgical patients since the late 1980s 11) . We adopted the recently modified version of the Caprini RAM 18) , which is also the version adopted by the most recent update of the American College of Chest Physicians (ACCP) guidelines for VTE prophylaxis 19) . The model used a pointscoring system, and approximately 40 risk factors were listed with weights of 1 to 5 points each. The relative scores for individual risk factors were summed to produce a cumulative risk score that defined the patient's risk level: low-risk (0-1), moderate-risk (2), high-risk (3-4) or highest-risk (≥ 5), each with a recommended prophylactic regimen. Each patient recruited was retrospectively assessed for the risk of VTE using this model. Since the ACCP guidelines 26 ) also adopted another RAM, the Padua Prediction Score, to estimate the baseline risk of VTE in hospitalized medical patients, we additionally compared the Caprini model with the Padua Prediction Score in this subgroup of patients. In the Padua Prediction Score assessment, have been proposed and evaluated clinically [8] [9] [10] [11] [12] [13] . Generally, these models can be classified as involving two types of strategies: group risk assessment and individual risk assessment. Most recent publications have concluded that it may be more appropriate to use the individual risk assessment strategy to identify and evaluate all possible risk factors in order to determine the true extent of risk for a given patient and provide appropriate suggestions for prophylactic therapies according to the risk level 8, [14] [15] [16] . Among these individual VTE RAMs, the Caprini model is the most notable. It has been adopted by many individuals and organizations [17] [18] [19] and has already been validated in several studies 18, [20] [21] [22] [23] [24] . However, most of these validation studies were conducted in surgical patients, despite the fact that the Caprini RAM was designed for use in both medical and surgical patients. There are limited data regarding unselected hospitalized patients who are admitted for either medical or surgical reasons. In addition, all of the previous validation studies were conducted in non-Asian populations. Given the racial differences and differences in medical environments, conducting validation studies in Chinese patients is warranted before this model is adopted in clinical practice in China. Our previous study preliminarily suggested that the Caprini RAM is a practical and effective tool for assessing the risk of VTE among unselected Chinese inpatients when compared with two other VTE RAMs, the Kucher model and the Padua Prediction Score. However, the lack of a control group without VTE in that study made it difficult to draw firm conclusions 25) . The primary aim of the present study was to validate the Caprini risk assessment model in unselected hospitalized Chinese patients using a large retrospective study of VTE patients versus adequate controls. In addition, we sought to gain insight into the risk factors of VTE in the same population.
Patients and Methods

Study Design and Patients
We performed a case-control study of unselected hospitalized patients admitted to a 4,300-bed comprehensive teaching hospital in China over a two-year period. The study was approved by the institutional review board of the hospital.
We identified all cases of VTE diagnosed after admission from all medical and surgical departments of the hospital between January 2010 and December 2011. The methods and criteria used to include VTE patients were reported in a previous study 25) . There
Results
Characteristics of the VTE Patients and Control Subjects
A total of 500 patients were initially identified as exhibiting VTE; 153 patients were excluded due to having VTE on admission (89), an age of ＜18 years (3), a hospital stay of ＜ two days (45), thrombosis in a location other than the deep veins of the legs or arms (14) or a coding error (2) . Ultimately, 347 patients were confirmed to have VTE during hospitalization and were included in our study. A total of 214 (61.7%) of these VTE patients were hospitalized on the medical service and 133 (39.3%) were hospitalized on the surgical service (Supplementary Table 2 ). Among the 347 VET patients, 92 (26.5%) had PE, 173 (49.9%) had DVT and 82 (23.6%) were diagnosed with both. A total of 688 control subjects were randomly selected and frequency matched to the patients at a ratio of 2:1 by the admitting services (Supplementary Table 2 ). Of the 688 controls selected, information for 651 individuals was complete and available for review.
There were no significant differences between the patients and controls in terms of age, gender, smoking history, hematocrit, white blood count, platelet count on admission or body mass index (BMI). However, the percentage of patients with a BMI of ≥ 25 was significantly greater than that observed in the control subjects (p = 0.001). The patients were 1.61-fold more likely to die than the controls; however, the difference was not statistically significant (95% CI, 0.93-2.78; p = 0.087). The patients exhibited a longer length of hospital stay and reduced rate of prophylaxis against VTE compared to the controls (p = 0.001 and 0.012, respectively) ( Table 1) .
Associations between the Caprini Risk Levels and the Risk of VTE
The distribution of the hospitalized patients according to the Caprini risk level among the patients and controls is shown in Fig. 1 . The average Caprini cumulative risk score in the patients was significantly higher than that observed in the controls (4.69±2.58 vs 3.16±1.82, p＜0.0001). According to the Wilcoxon rank-sum test, the difference in the predictive effect of the Caprini RAM between the patients and controls was statistically significant (p＜0.0001), which means that the Caprini RAM can be used to more easily classify individuals into much higher risk levels among patients than among control subjects without VTE.
Compared with that observed in the low-risk the VTE risk profile was calculated using 11 common risk factors for VTE in hospitalized medical patients. Each risk factor was weighted according to a point scale, and a high risk of VTE was defined as a cumulative score of ≥ 4 points, while a low risk of VTE was defined as a cumulative score of ＜4 points. Each hospitalized medical patient recruited in this study was additionally retrospectively assessed for the risk of VTE using this RAM. The risk factors identified in both RAMs and the assigned points are shown in Supplementary Table 1 . Standardized case report forms were used to record patient demographics, diagnoses, risk factors for VTE in the Caprini model, surgical information, the length of hospital stay, mortality, results of relevant laboratory tests and imaging examinations and information regarding VTE prophylaxis, etc. by physicians who received in-depth training to ensure data reliability.
Prophylaxis was defined as the administration of any mechanical or pharmacological prophylaxis for preventive purposes (not treatment).
Data Analysis
Continuous variables with a normal distribution are presented as means with standard deviations, and group comparisons of such variables were made using the t -test. Continuous variables with a skewed distribution are presented as median values with interquartile ranges, and group comparisons of such variables were made using the non-parametric test. Discrete variables are presented as frequencies and percentages, and group comparisons of such variables were made using the chi-square or rank-sum test.
A logistic regression analysis was used to calculated crude and adjusted odds ratios (ORs) for VTE according to the risk levels and individual risk factors. ORs and the 95% confident intervals (95% CIs) are reported. We selected variables for inclusion in the final multivariate model that had both an OR of ≥ 2.0 and a p-value of ≤ 0.1 in a univariate crude analysis. The use of VTE prophylaxis was included in the final model to adjust for potential confounding introduced by its use.
All reported p-values are two-tailed. A value of p＜0.05 was considered to be statistically significant. The data were analyzed using the SPSS software package version 18.0 (SPSS Inc., Chicago, IL, USA). cumulative risk score in the patients was significantly higher than that observed in the controls (average score: 4.92 vs 3.28, p＜0.0001 for Caprini RAM; group, a classification of moderate risk was associated with a 1.43-fold increased risk of VTE; however, the difference was not statistically significant (95% CI 0.84-2.41). Meanwhile, a high risk was associated with a 1.65-fold increased risk of VTE (95% CI 1.05-2.61) and the highest risk was associated with a 4.84-fold increased risk of VTE (95% CI 3.06-7.64) after adjusting for VTE prophylaxis use. Within the highest risk level with a cumulative risk score of 5 or more, the risk of VTE increased almost linearly in association with an increase in the cumulative risk score ( Table 2, Fig. 2) . Compared with the low-risk group, the patients with a Caprini score of 5-6 exhibited a 3.33-fold increased risk of VTE (95% CI 2.06-5.40), those with a Caprini score of 7-8 exhibited a 9.41-fold increased risk of VTE (95% CI 4.90-18.08) and those with a Caprini score of ≥ 9 exhibited a 24.69-fold increased risk of VTE (95% CI 7.98-76.40) after adjusting for VTE prophylaxis use. With an increase of 1 risk score within the highest risk level, the OR of VTE increased 1.64 fold (95% CI 1.35-2.01, p＜ 0.0001, data not shown). Table 3 compares the Caprini RAM and Padua Prediction Score results among the hospitalized medical patients. In both RAMs, the average or median Table 4 ). The occurrence of major surgery (＞45 min) during the current hospitalization was associated with a decreased risk of VTE (0.45; 0.28-0.72, p=0.001). However, when we analyzed all patients who underwent major surgery within one month, including those who underwent major surgery during the current hospitalization and those with a history of prior major surgery, there were no associations between this factor and the risk of VTE cumulative risk score of ≥ 5) into groups with 5-6, 7-8 and ≥ 9 risk levels, the increase in the odds ratio for VTE in these patients accelerated as the cumulative risk score increased. Compared with the low-risk group, the patients with a Caprini score of 5-6 exhibited a 3.33-fold increased risk of VTE (95% CI 2.06-5.40), the patients with a Caprini score of 7-8 exhibited a 9.41-fold increased risk of VTE (95% CI 4.90-18.08) and the patients with a Caprini score of ≥ 9 exhibited a 24.69-fold (95% CI 7.98-76.40) increased risk of VTE after adjusting for VTE prophylaxis use. These findings are consistent with the results of a previous validation study of the Caprini RAM in surgical hospitalized patients 18) that demonstrated a link between the individual patient risk assigned by the Caprini RAM and the VTE outcome observed within 30 days after surgery. The incidence of VTE was associated with an increased risk level: highest risk, 1.94%; high risk, 0.97%; moderate, 0.70%; low, 0%. The authors found that the difference in the incidence of VTE between the high and highest risk levels was statistically significant (p＜0.001), while the differences between the low and moderate risk levels and the moderate and high risk levels were not statistically significant. After further disaggregating the patients in the highest risk category, the authors observed that the differences in the incidence of VTE among the patients with a Caprini score of 5 to 6 (1.3%), 7 to 8 (2.6%) and ≥ 9 (6.5%) were statistically significant and that the increase in the incidence of acquired VTE appeared to accelerate in accordance with the cumulative risk score. Similarly, Pannucci et al. 23) validated the Caprini model in plastic surgery patients with a Caprini score of more than 3 and found that, compared with 
Comparison of the Caprini RAM and Padua Prediction Score Results Among the Hospitalized Medical Patients
Discussion
VTE is a common and severe complication among hospitalized patients, including medical and surgery patients, with many risk factors contributing to the disease. However, knowledge regarding which patients are at a high risk of in-hospital VTE and the administration of prophylaxis in at-risk patients are both suboptimal. The use of a validated risk assessment model (RAM) for assessing hospitalized patients may improve the current situation. In this study, we validated that the Caprini RAM can be used to stratify the risk of VTE in unselected hospitalized patients based on individual risk factors. We found that increases in the Caprini risk level and cumulative risk score were associated with an increased risk of in-hospital VTE; out of the four risk levels determined using the RAM, the classification of the highest risk level provided significantly more clinical information for identifying at-risk hospitalized patients. Compared with the low-risk classification, a classification of highest risk was associated with a 4.84-fold increased risk of VTE. After further stratifying the patients with the highest risk (a Adjusted for the use of VTE prophylaxis unselected hospitalized patients are fully consistent with those observed in validation studies carried out among surgical inpatients and suggest that the Caprini RAM can be used to effectively stratify patients with patients with a Caprini score of 3 to 4, patients with a Caprini score of 7 to 8 or ≥ 9 were significantly more likely to develop VTE (OR 20.9, p＜0.001; OR 4.5, p = 0.04; respectively). Our findings obtained in (＜1 mo), with ORs of 2-9. The odds ratios of some factors, notably a history of VTE, myocardial infarction and swollen legs (current), were higher than their assigned relative weight in the Caprini RAM. While the relative weights in the Caprini RAM were established and revised based on results obtained from clinical trials in Western populations 18) , our findings reflect the VTE-related characteristics of hospitalized Chinese patients.
Some established risk factors for VTE included in the Caprini RAM, such as major surgery, multiple episodes of trauma, age, malignancy, varicose veins, anticardiolipin antibodies, etc., were not found to be statistically significantly associated with VTE in the present study. One possible explanation for this finding may be that some of these factors are not important determinants of VTE in the Chinese population. Insufficient power is another possible reason, especially for thrombophilia-related factors, data for which were only available for a small number of patients. It is surprising to note that major surgery, a well-established strong risk factor for VTE, was not found to be associated with VTE in the present study. However, in a further analysis, we found that major surgery was significantly associated with the use of VTE prophylaxis (OR = 5.72; 3.75-8.73, p＜0.0001, data not shown). While VTE prophylaxis has been proven to reduce the risk of VTE, the association between major surgery and VTE prophylaxis inevitably dilutes the association between VTE prophylaxis and the risk of VTE.
This study is associated with several limitations. First, the risk factors were identified in a retrospective manner that was unable to identify all patient risk factors, and screening hospitalized patients for asymptomatic VTE was not routinely performed in our hospital, which may have resulted in the failure to detect the incidence of VTE in some control subjects, especially those classified as being at high or highest risk. Second, matching the controls to the patients according to the medical service added validity to the study in some respects, although it made it difficult to evaluate various risk factors, such as the presence of cancer (Oncology Department) and varicose veins (Vascular Surgery Department). Third, as mentioned previously 25) , although some patients in the postoperative period following obstetric or gynecological surgery were included in our study, there is no obstetrics or gynecology department at our hospital. Therefore, the VTE population evaluated in this study may be less representative of all VTE hospitalized patients, and our study results must be interpreted with caution in these patient categories.
To our knowledge, this study is the first to valirespect to the risk of VTE based on each patient's unique risk factors and that it is necessary to further stratify patients previously lumped into the same "highest risk" category in order to determine the true extent of risk. In this study, more than half (61.7%) of the VTE events occurred in the patients hospitalized on the medical service, which is in keeping with the previous literature 27, 28) . Recently published ACCP guidelines for administering VTE prophylaxis among hospitalized medical patients adopted the Padua Prediction Score to assess the baseline risk in this group of patients with a low or high risk of VTE 26) ; hence, we additionally compared the Caprini RAM with this scoring system among a subgroup of patients. Although the risk for VTE associated with the high/highest risk classification determined according to both RAMs was similar, the Caprini model exhibited greater sensitivity in identifying high-risk individuals among the hospitalized medical patients evaluated in this study (82.3% of the VTE patients were classified as having a high/ highest risk according to the Caprini RAM versus 30.1% according to the Padua Prediction Score). This difference may be attributed to the characteristics of the Padua Prediction Score, which is based on 11 risk factors, compared with the more than 30 risk factors used in the Caprini model. Patients identified as being at low risk may have one or more risk factors that failed to be identified in this model. In addition, the classification of the four risk levels determined using the Caprini RAM may provide more information for clinicians to guide decision-making for VTE prophylaxis based on the patient's risk level, compared with the use of a binary low/high risk classification.
Of the risk factors listed in the Caprini RAM, we found that acute myocardial infarction, obesity (BMI ＞25), severe lung disease, swollen legs (current), being confined to a bed (＞72 h), a history of DVT/PE and hip, pelvis or leg fractures (＜1 mo) were associated with an increased risk of VTE among unselected hospitalized patients after controlling for the use of VTE prophylaxis. Heart failure and central venous access were marginally significantly associated with the risk of VTE. All of these factors are well-recognized risk factors associated with the development of VTE [29] [30] [31] . However, as pointed out by Anderson and coworkers 31) , these risk factors are not of equal weight. We observed that the strongest risk factor, with an odds ratio of ＞20, was a history of VTE, followed by acute myocardial infarction and swollen legs (current), with ORs of ＞10, and obesity (BMI ＞25), severe lung disease, being confined to a bed (＞72 h), heart failure, central venous access and hip, pelvis or leg fractures date the Caprini VTE risk assessment model in unselected hospitalized patients using a large retrospective case-control study. We found that stratifying individuals according to the Caprini risk level can be used to effectively discriminate the risk of VTE in hospitalized patients, whether using an "intro-comparison" among the different risk levels within the model or an "inter-comparison" with other RAMs. In this study, the classification of the highest risk level with a cumulative risk score of ＞5 provided significantly more clinical information for identifying unselected hospitalized patients who were at risk of VTE and would benefit most from VTE prophylaxis, compared with those at any other distinct risk level. Our results showed that further stratifying this group of patients to determine the true extent of risk is necessary in order to provide appropriate prophylaxis. However, future multicenter and prospective validation studies of the use of this model in hospitalized Chinese patients are needed.
